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©A glass-reinforced, fire-retard ant arc-track resistant 
polyamlde composition characterised in that it contains: 

(a) at least 35% by weight of a fibre-forming 
polyamide, 

(b) 15% to 30% by weight of glass fibres or particulate 
fillers, 

Ic) 17.5 to 27.5% by weight of melamina or melamine 
cyanurate, 

(d) 1 to 10% by weight of bromlnated fire retardants 
selected from a brominated polypheny I ene oxide or a 
brominated epoxy resin, snd 

(e) a synergist selected from zinc oxide, zinc borate, a 
mixture of zinc oxide and zinc borate end a mixture of 
antimony oxide snd zinc borate, wherein the concentration 
of oxide present in the synergist is between 0 and 5%. the 
concentration of borate present is between 0 and 25% by 
weight and the total weight of synergist is at least 1%, the 
weight percentages of the constituents {a), (b), (c). (d) and (e) 
totalling 100%. 
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FLAME RETARDANT POLYAMIDE COMPOSITIONS 

This invention relates to glass -reinforced polyamide 
compositions having a good balance of fire retardancy and 
resistance to carbonisation When subjected to excessive 
leakage of electrical current. 

British Patent No- 1 572 497 discloses glass- 
reinforced polyamide compositions having a good level of 
both fire retardancy and arc tracking resistance. These 
compositions contain from 5 to 30% by weight of a 
halogenated fire retardant. For some uses the corrosivity 
of the fumes generated on burning the composition is a 
very important consideration- In these applications 
compositions should be used which contain as little as 
possible of halogen-containing constituents. European 
Patent Application No. 55893 discloses glass-reinforced 
f lame-retardant polyamide compositions in which a mixture 
of halogenated compounds and melamine derivatives are used 
in order to reduce the concentration of halogenated 
compound present. The compositions disclosed contain: 

(a) from 40 to 65 % by weight of a polyamide , 

(b) 16 to 35 % by weight of melamine, melam, melamine 
cyanurate or a melamine derivative which has the 
formula: 
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where R and R 1 may be the same or different and 
hydrogen, lower alkyl, phenyl, tolyl or halophenyl. 
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(c) 1 to 7 % by weight of a chlorinated compound obtained 
from condensation of two moles of perchlorocyclo- 
pentadiene and one mole of 1, 5-cyclooctadiene or a 
brominated polystyrene 

5 (d) 1 to 4.9 % by weight of zinc borate or zinc oxide, and 
(e) 5 to 30 % by weight of glass fibres. 

It has now been found that a good balance of fire 
retardancy and arc tracking resistance can be achieved 
with alternative halogenated compounds. 
10 Accordingly there is provided a glass-reinforced, 

fire-retardant, arc-track resistant polyamide composition 
characterised in that it contains: 

(a) at least 35% by weight of a fibre-forming polyamide, 

(b) 15 to 30% by weight of glass fibres or particulate 
15 fillers, 

(c) 16 to 30%, preferably 17.5 to 27.5% by weight of 
melamine or melamine cyanurate, 

(d) 1 to 10% by weight of brominated fire retardants 
selected from a brominated polypheny lene oxide or a 
brominated epoxy resin, and 

(e) a synergist selected from zinc oxide, zinc borate, a 
mixture of zinc oxide and zinc borate and a mixture of 
antimony oxide and zinc borate, wherein the 
concentration of oxide present in the synergist is 
between 0 and 5%, the concentration of borate present 
is between 0 and 25%, preferably between 2 and 15% by 
weight, and the total weight of synergist is at least 
1%, the weight percentages of the constituents (a), 
(b), (c), (d) and (e) totalling 100%. 
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When zinc oxide is used as the sole synergist the 
weight ratio of constituent (d) to zinc oxide should be at 
least 1:1 and preferably at least 2:1. 

The fire retardancy behaviour of the compositions of 
5 the invention is very specific to the particular 

combinations of ingredients and cannot be predicted from 
European Patent Application No. 55893. 

The fire-retardant characteristics of the composition 
of the invention are conveniently determined using the 

10 Underwriters Laboratories Test Standard UL94. Using the 
Vertical Burning Test of this Standard the compositions of 
the invention should have a rating of 94 VI or better when 
tested on samples having a thickness of 1.6 mm both when 
conditioned at a relative humidity of 50% for 48 hours or 

15 at 70 °C for one week. 

The tracking resistance of the compositions is 
conveniently determined by the method set out in the 
method of DIN 53480/1972 (KC Method). The compositions 
when tested according to this method should have a 

20 comparative tracking resistance of at least 300, 

preferably at least 375, and more desirably at least 500, 
that is having a tracking resistance in the specified test 
of at least 300 volts and preferably at least 375 volts 
and more desirably at least 500 volts. 

25 The polyamides used in the invention are polyamides 

having a melting point above 220°C r preferably containing 
a major proportion of repeating units derived from 
hexamethylene adipamide, hexamethylene sebacaraide or 
caprolactam. The most suitable polymers are homopolymers 

30 of nylon 66 and nylon 6 and copolymers of these materials 
containing not more than 50% by weight of units other than 
nylon 66 or nylon 6. These other units may be, for 
example, of nylon 6.9 or 6.10. The preferred materials 
are the homopolymers of nylon 66 and nylon 6 and 

35 copolymers of nylon 66 with nylon 6. 
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The polyamides preferably have a number average 
molecular weight of at least 3000. 

The brominated polyphenylene oxide and 
brominated epoxy resin should have a bromine content of at 
5 least 30% by weight. Particularly suitable brominated 

epoxy resins are prepared by the condensation of propylene 
oxide and tetrabromobisphenol A. A preferred resin 
contains propylene oxide and tetrabromobisphenol A in the 
molar ratio of 3:2. 

10 The melamine cyanurate may be added to the 

composition as preformed melamine cyanurate or 
alternatively may be formed during the compounding stage 
by including appropriate quantities of cyanuric acid and 
melamine in the composition. 

15 The synergist may be selected from zinc borate , zinc 

oxide , mixtures of antimony oxide and zinc borate and 
mixtures of zinc oxide and zinc borate. When an oxide is 
present relatively little oxide is required to give good 
fire retardancy. When the oxide exceeds a concentration 

20 of 5% by weight the electrical properties of the 

composition are deleteriously affected. The concentration 
of oxide present should therefore be in the range 0.05 to 
5.0% by weight. When zinc borate is included much higher 
levels can be tolerated without adversely affecting 

25 electrical properties. The preferred levels of zinc 
borate are between 2 and 15% by weight. 

The zinc borate should be thermally stable at the 
processing temperatures of the polyamide so that it does 
not evolve significant amounts of volatile material when 

30 used at the processing temperature of the polyamide. This 
requirement is important because materials which give such 
volatile products can give rise to processing difficulties 
particularly when the composition is extruded as a lace. 
The preferred form of zinc borate is of the form 

35 2ZnO.3B2O3.xH2O, where x is between 3.3 and 3.7. 
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This material does not lose appreciable amounts of water 
below 300*C. The preparation of such compounds is 
described in British patent specification 1 184 967. The 
higher hydrates for example 2Zn0.3B 2 03.7H 2 0 and 
5 2Zn0.3B 2 0 3 .9H 2 0 lose water below the processing 
temperatures of most pblyamides and are therefore 
unsuitable except for use with low melting point 
polyamides because they are difficult to blend with 
polyamides such as nylon 66 and nylon 6 and would present 

10 problems during melt fabrication of the compositions into 
shaped articles. Anhydrous zinc borate may be used but 
the results obtained are generally inferior to those 
obtained using the hydrated form 2ZnO. 3B 2 0 3 . xH 2 0 
where x is between 3.3 and 3.7, particularly 

15 2Zn0.3B 2 0 3 .3.5H 2 0. 

The compositions may be produced by intimately 
blending the glass fibres and fire retardant additives in 
the presence of molten polyamide. Suitably, the 
compounding can be carried out in a screw extruder. 

20 The glass fibres used are preferably commercially 

available glass fibres coated with size compositions which 
maximise the mechanical properties of glass reinforced 
polyamide compositions. These sizes will normally include 
a silane coupling agent. 

25 The particulate fillers used in the invention include 

any of the known mineral fillers such as talc, clay, 
limestone, kaolin, wollastinite and mica. These may be 
treated with silane coupling agents to improve bonding 
between the filler and polyamide. 

30 Mixtures of glass fibres and particulate fillers may 

be used. 

In addition to the polyamide and the specified 
ingredients the compositions of the invention may contain 
any of the auxiliary materials which are known for use in 
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polyamide compositions. These include heat and light 
stabilisers , pigments, lubricants and mould release agents 

The compositions of the invention are suitable for 
moulding general purpose electrical components or other 
components where fire retardancy is important- 

The invention is further illustrated by reference to 
the following examples. 

EXAMPLE 1 

The compositions listed in Table 1 were prepared by 
dry blending the ingredients of each composition with 
polyamide granules of 90:10 nylon 66:nylon 6 copolymer 
prior to feeding them to a 50.8 mm single screw extruder, 
filled with by-pass venting, maintained at a temperature 
between 250 and 270 W C- The melt compounded mixture was 
extruded as • a lace , quenched in a water bath and cut into 
granules. After drying, the products were injection 
moulded into test pieces for fire retardancy, electrical 
and mechanical property measurements . These properties 
are listed in Table 1 in which the concentrations of all 
ingredients are expressed as percent by weight of the 
total composition. 
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COMPARATIVE EXAMPLE 
The compositions listed in Table 2 were prepared 

according to the procedure of Example 1. The fire 

retardancy of these compositions is included in Table 2. 

These results show that inadequate fire retardancy is 

obtained using compositions which differ from those 

according to the invention. 
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CLAIMS 

1. A glass-reinforced, f ire-retardant , arc-track 
resistant polyamide composition characterised in that it 
contains ; 

5 (a) at least 35% by weight of a fibre- forming 
polyamide , 

(b) 15 to 30% by weight of glass fibres or particulate 
fillers, 

(c) 16 to 30% by weight of melamine or melamine 
10 cyanurate. 
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(d) 



1 to 10% by weight of brominated fire retardants 
selected from a brominated polyphenylene oxide or a 
brominated epoxy resin, and 



(e) 



a synergist selected from zinc oxide, zinc borate, a 
15 mixture of zinc oxide and zinc borate and a mixture 

of antimony oxide and zinc borate, wherein the 
concentration of oxide present in the synergist is 
between 0 and 5%, the concentration of borate present 
is between 0 and 25% by weight, and the total weight 
of synergist is at least 1%, the weight percentages 
of the constituents (a), (b), ( c ), (d) and (e) 
totalling 100%. 

2. A glass reinforced, fire retardant, arc- track 
resistant polyamide composition according to claim 1 

25 wherein the concentration of melamine or melamine 
cyanurate is between 17.5 and 27.5%. 

3. A glass reinforced, fire retardant, arc- track 
resistant polyamide composition according to either of 
claims 1 or 2 wherein the concentration of oxide present 
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in the synergist (e) is between 0.05 and 5% by weight of 
the total composition. 

4. A glass reinforced, fire retardant, arc- track 
resistant polyamide composition according to any one of 

5 claims 1 to 3 wherein the concentration of zinc borate 
present in the synergist (e) is between 2 and 15% by 
weight of the total composition. 

5. A glass reinforced, fire retardant, arc-track 
resistant polyamide composition according to any one of 

10 claims 1 to 4 wherein the weight ratio of fire retardant 
d) to synergist e) is at least 1:1 when the synergist is 
solely zinc oxide. 
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